A non-photorealistic rendering method has been proposed for generating oil-film-like images from photographic images by bilateral infra-envelope filter. The conventional method has a disadvantage that it takes much time to process. We propose a method for generating oil-filmlike images that can be processed faster than the conventional method. The proposed method uses an iterative process with upper and lower smoothing filters. To verify the effectiveness of the proposed method, we conduct experiments using Lenna image. As a result of the experiments, we show that the proposed method can process faster than the conventional method. key words: non-photorealistic rendering, acceleration, oil film, upper and lower smoothing filters
Introduction
There are photorealistic rendering and non-photorealistic rendering (NPR) in computer graphics technology. Computer graphics have been done mainly to achieve photorealism. On the other hand, NPR to generate images that do not aspire to realism is also drawing attention. Although NPR has so far imitated art expressions such as watercolors [1] , pencil drawings [2] , and oil paintings [3] , in recent years NPR that generates patterns in nature such as oil-film patterns [4] , reaction-diffusion patterns [5] , and cell patterns [6] has also appeared. Such NPR is implemented in many applications such as Adobe photoshop, Crip studio paint, and Hinomaru for mobile.
We focuses on a generation of oil-film-like images as nature non-photorealistic rendering. Oil-film-like images are represented by overlapping oil-film patterns on photographic images. Oil-film patterns are expressed as colorful and smooth curves such as oil films generated on a glass or water. The conventional method [4] has a disadvantage that it takes much time to process. Therefore, we develop a fast method for generating oil-film-like images from photographic images. Furthermore, the proposed method can change the size of oil-film patterns by changing the window size. The proposed method is executed by an iterative process using upper and lower smoothing filters. To verify the effectiveness of the proposed method, we conduct experiments using Lenna image, and compare processing times between the proposed method and the conventional method [4] . In addition, we investigate the way that oil-film patterns form when parameters in the proposed method are changed, and apply the proposed method to various photographic images.
Proposed Method
The proposed method generates oil-film-like images from photographic images. The proposed method is executed largely via three processes. In this first process, two values corresponding to pixels are obtained using upper and lower smoothing filters. Upper smoothing filter is calculated using pixel values above the center pixel value in the window. On the other hand, lower smoothing filter is calculated using pixel values below the center pixel value in the window.
In the second process, differences between the two values are calculated. In the third process, photographic images are converted using the differences. By repeating the first to third processes, oil-film-like images are generated. The detailed procedure of the proposed method is shown as follows.
The input pixel values (R, G, B) for spatial coordinates (i, j) of a photographic image are defined as f R,i, j , f G,i, j , and f B,i, j . Then, the pixel values of the image at the t-th iteration number are defined as
B,i, j have value of 256 gradation from 0 to 255. Red, green, and blue are computed in the same manner, and so only the calculation for red is provided below.
First, the image at the t-th iteration number is calculated using upper and lower smoothing filters in the window of W pixels. The values s (t) R,1,i, j are calculated using the pixel values f (t) R,i, j in the following equation.
where w = (W − 1)/2. On the other hand, the values s (t) 
Next, differences d (t) R,i, j between the values s (t) R,1,i, j and s (t) R,2,i, j are calculated in the following equation.
Finally, the differences d (t) R,i, j are added to the pixel values f R,i, j of the photographic image, and the pixel values
where a is a positive constant. In case f (t+1) R,i, j is less than 0, then f (t+1) R,i, j must be set to 0. In case f (t+1) R,i, j is greater than 255, then f (t+1) R,i, j must be set to 255. An oil-film-like image is obtained from f (T ) R,i, j , f (T ) G,i, j , and f (T ) B,i, j after the above processing of T times iteration.
Experiments
We mainly conducts three experiments. First, we conduct the experiment with changing the values of the parameters in the proposed method using Lenna image shown in Fig. 1 . Next, we apply the proposed method to various photographic images. Next, we evaluate the quality of oil-filmlike images generated by the proposed method and the conventional method [4] . Finally, the calculation times between the proposed method and the conventional method [4] are compared quantitatively. Since oil-film-like images converged with T = 80, the value of the iteration number T is set to 80 in all experiments. Oil-film-like image generated by the conventional method [4] used in the following experiments is shown in Fig. 2 . All photographic images used in the experiments are 512×512 pixels and 256 gradation. The computing environment for all experiments is a Windows 10 Enterprise 2016 LTSB operating system on a computer with 
Experiment with Changing Parameters
Oil-film-like images by changing the window size W are visually confirmed using Lenna image. The window size W is set to 3, 5, 7, and 9. Other parameter a is set to 2.0. The results of the experiment are shown in Fig. 3 . As the value of the window size W is larger, the size of oil-film patterns become bigger. Depending on the image size and the usage of the user, the value of the window size W should be set to an appropriate value.
Oil-film-like images by changing the parameter a are visually confirmed using Lenna image. The parameter a is set to 1.0, 1.5, 2.0, and 2.5. Other parameter W is set to 3. The results of the experiment are shown in Fig. 4 . As the Fig. 2 Oil-film-like image generated by the conventional method [4] . Fig. 3 Oil-film-like images in the case of the window size W = 3, 5, 7, and 9. value of the parameter a is smaller, oil-film patterns are less likely to occur. The value of the parameter a should be 2.0 to an appropriate value.
Experiment Using Various Photographic Images
The proposed method is applied to four photographic images shown in Fig. 5 . The parameters W and a are set to 5 and 2.0, respectively. The results of the experiment are shown in Fig. 6 . Oil-film patterns are generated throughout entire regions for all oil-film-like images. However, oil-film patterns are less likely to occur in the region of fine texture as show in the lower left of Fig. 6 .
Experiment of Image Quality
The quality of oil-film-like image ( Fig. 3 (b) ) generated by the proposed method and oil-film-like image (Fig. 2) generated by the conventional method [4] are compared quantitatively by PSNR (Peak signal-to-noise ratio). The PSNRs of the proposed method and the conventional method [4] are 15.035 and 15.034 dB, respectively. Therefore, the reproducibility of the original image (Fig. 1) is comparable to the proposed method and the conventional method [4] . However, when two oil-film-like images are visually compared, ring-shaped fine patterns are seen in oil-film-like image of the conventional method [4] , and rough textures are generated in the proposed method. Oil film-like images of the proposed method and the conventional method [4] have different impressions.
Experiment of Calculation Time
The calculation times between the proposed method and the conventional method [4] are compared quantitatively using Lena image. The calculation time in the case of generating the oil-film-like image by the conventional method [4] is 830.010 sec. The calculation times of the proposed method are 6.063, 13.298, 21.331, and 30.956 sec in the case of W = 3, 5, 7, and 9, respectively. Other parameters T and a are set to 80 and 2.0, respectively. Therefore, although the proposed method produces rough textures than the conventional method [4] , the proposed method can process faster than the conventional method [4] .
Conclusion
We proposed a non-photorealistic rendering method for generating oil-film-like images from photographic images. The proposed method was executed by an iterative process using upper and lower smoothing filters. To verify the effectiveness of the proposed method, we conducted experiments using Lenna image and various photographic images. As a result of the experiments, we found that the proposed method can process at high speed, and change the size of oil-film patterns by changing the window size.
A further task is to generate oil-film patterns in the region of fine texture. Another further task is to apply the proposed method to videos.
